Dynamical Correlation Functions for Linear Spin Chains
and S = 1. We consider ferro-and antiferromagnets including single-site and exchange anisotropies. The results agree well with the neutron scattering cross sections on quasi onedimensional systems.
The properties of quasi one-dimensional magnetic materials have recently been reviewed [1] . Some prominent examples are: TMMC (S = HB AF), CsNiF 3 (S = 1 planar HB Ferromagnet (FM)). The dynamics of such weakly coupled spin chains is investigated by neutron scattering. The experimental results show rather well defined spinwave peaks at low temperatures. Unfortunately, a rigorous theoretical treatment of the dynamics of HB chains is impossible.
Thus besides various analytical approaches (see [1] ), some authors have evaluated the dynamical spin correlation functions numerically by diagonalizing the Hamiltonian of finite chains. Richards and Carboni [2] demonstrated the existence of spin-wave peaks at low T for isotropic HB AF S = 1 2 chains. The purpose of this work is to extend these calculations to various anisotropic systems and to S > 1 2 . We treat the Hamiltonian
for a chain of N sites with periodic boundary conditions. The eigenfunctions of (1) can be classified by S T z (z-component of total spin) and a k-vector (k = n2π/N, n = 0, . . . , N − 1). Using the eigenvalues E λ and eigenvectors |λ we evaluate
For finite systems these functions are best represented, for fixed q, as histograms in frequency space. In the following we describe our main results for various cases: (i) Isotropic HB AF. In agreement with [2] we obtain Gaussian line shapes (spin diffusion) for T → ∞ and spin-wave peaks for low T . These peaks are predominantly produced by matrix elements between the ground state, which has K 0 = 0 or K 0 = π depending on N , and the lowest eigenstates with wave vector q + k 0 . The latter were determined exactly by Des Cloiseaux and Pearson (DP), see [1] , for infinite chains. However, even at T = 0, states with higher energies also contribute in agreement with theoretical considerations by Hohenberg and Brinkman [3] .
(ii) Isotropic HB FM. Here, at T = 0, the spin-wave peaks are sharp. All nonzero matrix elements, i.e. those between each of the degenerate ground states and the corresponding spin-wave states, contribute to G αα at the same frequency. For finite, but low, T additional contributions arise from spin-wave bound states, which, at least for small q, again contribute at frequencies close to the T = 0 spin-wave frequency. Therefore, for low T , the peak is narrower for a FM than for an AF chain.
